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The differences in performance of expanded polystyrene rigid foam insulation (EPS) and extruded 
polystyrene rigid foam insulation (XPS) has been debated since the 1980’s.  Esch’s 1986 study showed 
that the R-value of EPS degraded more than XPS when installed in roadway embankments.  Pouliot and 
Savard (2003) noted similar results.  This study adds 15 additional samples from three additional 
installations to the dataset.  Using the combined data from these sites, ratios of R-values of EPS/XPS 
were developed which can be used to estimate equivalent thicknesses of the two products.  R-value 
multipliers were also developed which allow thicknesses of the products to be computed based on the 
long-term performance of the insulation used in roadway and airport embankments.  The data appear 
to be consistent between Esch, Pouliot and Savard and this study.  There is no consensus as to how the 
data or ratios are to be applied if at all.  However, the study does provide two approaches.  A multiplier 
can be applied to each product which provides a long-term equivalent thickness for each product.  
Alternatively, a multiplier can be applied to the R-value of each product which yields a thickness that 




CHAPTER 1. INTRODUCTION 
The first use of insulated roadways over permafrost in North America was near Chitina, Alaska, in 1969 
by the Alaska Department of Highways (Esch December 1986). Later that year an airfield runway was 
insulated at Kotzebue, Alaska. Since then, insulation has been used in roadways for preserving 
permafrost, for reducing frost heave, and as lightweight fill. In this report, lightweight fill will not be 
discussed. 
Two types of polystyrene rigid-board foam are commonly used in embankments: extruded foam board 
(XPS) and expanded foam board (EPS). The manufacturers of both XPS and EPS have aggressively 
marketed their products, claiming their respective products are superior. While several studies show the 
benefits of using rigid insulation over the short term, few studies report long-term performance in 
roadway and airport embankments. Fewer studies have recovered the insulation and measured its R-
value after years of service. As a result, most agencies simply rely on the initial R-value of the product 
when computing the required thickness of the insulation. 
In Esch’s 1986 landmark study, 18 insulation samples were recovered from 8 installations in Alaska (Esch 
December 1986). Twelve samples from 6 sites were extruded foam, with a maximum age of 20 years 
and an average age of 9 years. The water content averaged 1.16% by volume, ranging from 0.23% to 
2.38% by volume. In contrast, the expanded insulation (described by Esch as BeadBoard) was between 3 
and 15 years in age with an average moisture of 2.9% by volume, ranging from 1.18% and 5.88% by 
volume. Esch reported an average long-range of R-value for extruded polystyrene foam as 3.9 and a 
long-range R-value for expanded polystyrene of 2.6. From these values, Esch concluded ,“If this ratio is 
based on average rather than minimum R-values, a thickness ratio of 1.36 to 1 is indicated; however, a 
ratio this low would be unfair to extruded foams, which are more consistent and better able to resist 
gains and R-value losses with time in service.” (Esch, December 1986, page 8) 
Pouliot and Savard (2003) evaluated the performance of EPS and XPS insulation in Quebec, Canada, to 
determine the impact of insulation on roadway performance, including transverse cracking, fatigue 
cracking, centerline cracking, and total cracking. Since the insulation was used primarily for reduction of 
frost heave, the depth of freeze was also monitored. The data of interest here are the water uptake and 
the conductivity of the insulation. The authors tested the water absorption using ASTM D2842 and 
stated, “We note that the expanded polystyrene absorbs 5% water by volume after only 10 days. The 
absorption then decreases considerably, reaching a value of 6.2% after an immersion time of 200 
days.”(Pouliot and Savard, 2003, page 19)  The HI-60 extruded polystyrene absorbed only 2% moisture 
by volume after 200 days. These values are within the range reported by Esch. 
Pouliot and Savard also recovered in situ samples of EPS and XPS from the roadway at 1, 3, 5, and 7 
years and determined the thermal conductivity of each of the samples and a sample collected at the 
time of construction. The authors concluded that thermal conductivity averaged 0.036 W/K.m for EPS 
and 0.030 W/K.m for XPS over the 7-year observation period. From these findings, the authors noted 
that the thickness of EPS would need to be increased by 20% to obtain the same thermal performance 
as XPS. The values obtained in the laboratory of 0.036 for EPS and 0.030 for XPS result in a ratio of 1.23, 




While the existing data set is small, it is consistent in showing that an equivalent long-term R-value for 
EPS requires a thickness between 1.2 and 1.3 times the thickness of XPS. Further, the data presented by 
Esch indicate that EPS has greater moisture uptake than XPS over time. It is interesting to note that, 
based on the existing literature, moisture content has a greater impact on R-value for EPS than for XPS. 
Cai, Zhang, and Cremaschi (2017) explored the use of EPS and XPS used in below-grade applications 
based on existing literature. While their work focused on building applications, the concepts they 
propose are useful. They point out that in building insulation, three phenomena occur: absorption, 
capillary action, and diffusion. Between 0 and 30% relative humidity, absorption processes dominate. 
When the relative humidity exceeds 80%, capillary action takes over. 
Cai et al (2017) noted that there is no apparent correlation between the 24-hour water immersion test 
and EPS moisture behavior in frost applications beyond 6 years of service. However, ASTM C272 24-hour 
and ASTM D2842 4-day water immersion appears to yield water content close to the in-service of less 
than 6 years for EPS. The 4-day immersion tests tend to slightly underpredict the moisture content for 
XPS for the same in-service period.  Based on this, immersion tests should not be expected to accurately 
predict the long-term performance of either EPS or XPS in roadways. However, ASTM D2842 4-day 
water immersion test can be used as a quality control test. 
Neither Esch nor Pouliot and Savard attempted to explain how the insulation absorbs water or why the 
variability of moisture uptake of water occurs. Unfortunately, while moisture uptake in insulation used 
in buildings has been researched, the mechanisms of moisture uptake in insulation placed in soils are 
not understood. It is tempting to apply the vapor transport mechanisms described in building literature 
to soil applications, but moisture transport in soils is much more complex. In building applications, the 
vapor transport is a function of vapor pressure, which is related to relative humidity on each side of the 
wall, the temperature gradient, and the permeability of materials in the wall.  
In soils, moisture movement is related to soil gradation, soil moisture content, soil suction, and 
temperature gradient. As soil approaches saturation, gravity increasingly becomes the primary driving 
force. As soil dries, soil suction increasingly becomes the driving force. Since soil suction is a function of 
moisture content and temperature gradient, one would expect the vapor pressure to increase as the soil 
dries and cools. Two examples illustrate this phenomenon. 
The first occurs in desert climates such as those found in Arizona. During the heat of the day, water 
vapor moves upward in the embankment until it hits the impermeable pavement surface, where it 
condenses as the pavement cools in the evening. As a result, the strength of the base course may be 
compromised. 
In cold regions, including the northern states, moisture in the soil is drawn upward in the soil column 
through capillary action and vapor transport due to the thermal gradient in the soil. The moisture then 
freezes as it reaches the freezing front, resulting in frost heave over the winter and thaw weakening in 
the spring. Moisture movement through capillary action occurs predominantly in fine-grained soil. Vapor 
transport is more likely to occur in sandy or gravelly soils. Vapor transport is a minor contributor in frost 
heave; however, it may be more important in moisture uptake in insulation as evidenced by moisture 
uptake in building envelopes due to vapor transport. 
Unsaturated soil mechanics seek to explain the properties of soils as a result of moisture content below 
the saturation point. This explanation requires an understanding of moisture movement resulting from 
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soil suction. Further soil suction also impacts soil strength directly. For example, vertical surfaces in non-
plastic silty soils can only be explained by soil suction. Unsaturated soil mechanics has only recently 
become mature enough to apply to engineering practice. Unfortunately, this knowledge has not been 
applied to the use of insulation in soils. As a result, this study cannot fully explain the mechanisms 
related to the performance of rigid polystyrene insulations in roadway and airport applications. 
This study has four primary focal points, recognizing the lack of understanding of moisture uptake: 
1. Increase the number of data points by recovering in situ insulation and determining the 
moisture content and the in-situ R-value. 
2. Determine whether recent changes in the production of EPS rigid foam insulation used in Alaska 
has altered the performance of the product. 
3. Revisit the existing data in concert with new data to better understand the relationship of in-
service insulation and R-value with time.  
4. Recommend a strategy for incorporating rigid foam insulation into roadway projects accounting 
for in-service performance. 
The goal is not to prove one product is necessarily better than the other. Rather, it will be left to the 
user to determine the best product for an application based on cost and availability. The user should 
account for the change in R-value as a function of moisture content over time, which is different for 
each product. The uptake of moisture is clearly different in each product. Based on these characteristics, 




CHAPTER 2. DATA COLLECTION 
Part of this effort was to add additional data to the data set to increase the range of long-term 
performance curves for rigid foam insulation and to determine if recent modifications consisting of 
coating the upper and lower surfaces of the EPS with a sealant in the manufacture of expanded foam 
insulation had changed performance since previous studies.  Additional insulation samples were 
collected from three sites: 
1. Dalton Highway at approximately mile 10, originally placed in 2013 (EPS) 
2. Cripple Creek on / near the beginning of Chena Ridge Road, Fairbanks, originally placed 
in 1997 (EPS) 
3. Golovin Airport, Golovin, Alaska, originally placed in 1987 (XPS) 
Samples were collected by excavating the rigid board insulation and double sealing each sample in a 
polyethylene bag. The samples were then shipped to a third-party testing laboratory. Thermal testing 
was completed in accordance with ASTM C518. All samples were tested as received, after trimming ¼ 
inch of material from each side. Trimming by removing ¼ inch of material from each face was done to 
remove soil contamination and surface damage from the sample. After thermal testing, each prepared 
sample was dried to constant mass to determine the moisture content. Finally, one sample from each 
location was tested for thermal properties after drying. The test results are provided in Appendices A 
and B. Table 1 and Table 2 summarize the results of this study, and include the data gathered by Esch 
(1986) and Pouliot and Savard (2003).  
Table 1 XPS data from this study and from studies by Esch (1986) and Pouliot and Savard (2003)  
 

















Kotzebue Top 5 1969 15 Extruded 2.38 0.2148 4.66 Esch
Kotzebue Bottom 5 1969 15 Extruded 0.89 0.1940 5.15 Esch
Buckland Top 7.5 1981 3 Extruded 0.41 0.2009 4.98 Esch
Buckland Bottom 7.5 1981 3 Extruded 0.23 0.2079 4.81 Esch
Deering Single 5 1981 3 Extruded 1.37 0.2009 4.98 Esch
Chitina Top 5 1969 15 Extruded 0.71 0.2356 4.24 Esch
Chitina Bottom 5 1969 15 Extruded 0.88 0.2564 3.90 Esch
Chitina Single 5 1969 15 Extruded 1.54 0.2148 4.66 Esch
Bonanza  Creek Single 5 1974 10 Extruded 1.48 0.2494 4.01 Esch
Bonanza  Creek Single 5 1974 10 Extruded 2.38 0.2494 4.01 Esch
Fairhill Top 5 1979 5 Extruded 0.5 0.2217 4.51 Esch
Fairhill Bottom 5 1979 5 Extruded 0.2 0.2148 4.66 Esch
Chitina Top 5 1969 25 Extruded 1.36 0.2356 4.24 Esch
Chitina Bottom 5 1969 25 Extruded 1.72 0.2425 4.12 Esch
Bonanza  Creek Single 5 1974 20 Extruded 3.1 0.2633 3.80 Esch
Golivan 1 5 1987 31 Extruded 9.09 0.2400 4.17 This Study
Golivan  2 5 1987 31 Extruded 7.18 0.2540 3.94 This Study
Golivan 3 5 1987 31 Extruded 2.08 0.2250 4.44 This Study
Quebec Test 1995 1 Extruded 0.67 0.2009 4.98 Pouliot and Savard 
Quebec Test 1995 3 Extruded 0.73 0.2079 4.81 Pouliot and Savard 










Table 2 EPS data from this study and from studies by Esch (1986) and Pouliot and Savard (2003) 
 
  

















Fairhill Single 10 1979 15 BB 1.48 0.291 3.44 Esch
Minnesota  Dr. Top 5 1981 3 BB 5.88 0.360 2.78 Esch
Minnesota  Dr. Bottom 5 1981 3 BB 2.9 0.263 3.80 Esch
Fairhill Single 10 1979 15 BB 5.15 0.319 3.14 Esch
Dalton MP 9-18 7.6 2013 5 Expanded 11.41 0.320 3.13 This Study
Dalton MP 9-18 7.6 2013 5 Expanded 8.88 0.288 3.47 This Study
Dalton MP 9-18 7.6 2013 5 Expanded 8.73 0.298 3.36 This Study
Dalton MP 9-18 7.6 2013 5 Expanded 4.60 0.270 3.70 This Study
Cripple Creek 1 5.1 1997 21 Expanded 13.23 0.489 2.04 This Study
Cripple Creek 2 Top 5.1 1997 21 Expanded 11.88 0.398 2.51 This Study
Cripple Creek 3 Bottom 5.1 1997 21 Expanded 11.25 0.413 2.42 This Study
Cripple Creek 4 5.1 1997 21 Expanded 21.51 0.562 1.78 This Study
Cripple Creek 5 5.1 1997 21 Expanded 20.62 0.522 1.92 This Study
Cripple Creek 6 Top 5.1 1997 21 Expanded 17.55 0.460 2.17 This Study
Cripple Creek 7 Bottom 5.1 1997 21 Expanded 4.72 0.298 3.36 This Study
Cripple Creek 8 5.1 1997 21 Expanded 19.41 0.574 1.74 This Study
Quebec Test 1995 1 Expanded 0.51 0.277 3.61 Pouliot and Savard 
Quebec Test 1995 3 Expanded 0.8 0.263 3.80 Pouliot and Savard 










CHAPTER 3. DATA ANALYSIS AND DISCUSSION 
3.1. Comparison with previous analysis 
Two locations were sampled for expanded foam board, and one location was sampled for extruded 
foam board, with a very large difference in service life. Due to limited data, it was inappropriate to 
compute a ratio similar to those proposed by Esch. Consequently, the methodology reported by the 
previous authors was applied to previous data and combined with the data collected for this study. The 
resulting increase in thickness necessary for equivalent performance based on Table 1 would indicate 
that expanded polystyrene insulation requires a thickness of 1.50 times that of extruded insulation. This 
ratio is slightly higher than the ratios reported by Esch and by Pouliot and Savard of 1.36 and 1.23, 
respectively.  
However, as stated by Esch, this does not account for the variability in R-values reported. A better 
approach may be to report the ratio of the average, minus one standard deviation for each type of 
insulation. That ratio, based on the the average R-values and standard deviations computed in Tables 1 
and 2, would be 1.86 for EPS, which is significantly higher than that reported by previous authors. The 
additional data provided in this study extends the service life of the data set, which accounts for the 
larger ratio. 
Using the same approach, one could estimate a similar ratio for in-service insulation based on the as-
advertised R-value. Based on the Alaska specifications for rigid foam insulation, the minimum R-value 
required is 4.5 (ft)(hr) (ft2)/(BTU-in) (specification 635-201 Alaska Standard Specifications 2017).  
Manufacturers of both EPS and XPS claim to meet this specification. Based on the average, the ratio for 
in-service EPS would be 1.5 and 1.0 for XPS. Using the average minus one standard deviation method, 
the ratio of in-service thickness would be 2.07 for EPS and 1.12 for XPS.  
Another way to compare the products is to review the performance of the in-service products directly. 
Figure 1 shows that EPS absorbs considerably more moisture over time than XPS and that the uptake of 
water begins earlier than XPS. This finding is not surprising due to differences in the manufacturing 
processes. EPS is formed through the expansion of polystyrene beads using steam. The beads are then 
dried and heat fused in a mold. As a result of the manufacturing process, interconnected voids develop 
between the beads. The size and number of interconnected voids are a function of the bead size and the 
density at which the product is produced. This makes the EPS insulation bi-modal in the absorption of 
water. In the first mode, the free water may move into the insulation through absorption, capillary 
action, or gravitational forces. Water uptake in this mode will occur relatively quickly. 
The second mode of water uptake in EPS is due to water vapor moving into the bead itself. This process 
is much slower and requires enough vapor pressure to force the water vapor into the bead.  
In contrast, XPS is a closed cell structure with few or no interconnected voids. Consequently, essentially 
no moisture movement occurs by capillary action or gravitational force. The primary infusion of water 




Figure 1 Moisture absorption - service life relationship  
3.2. Understanding water absorption 
Laboratory studies use either submersion or a guarded hot box with a warm, high humidity side and a 
cold dry side to test the uptake of water. In the case of submersion tests, the sample is simply 
submerged in water for a specified period of time. Moisture moving into the sample is primarily liquid 
water being forced into the pore space by a hydraulic head.  
In the case of the guarded hot box, one side is kept at a specified temperature and at relative humidity 
near 100%. The cold side is kept at a specified temperature. This creates vapor pressure, causing water 
in the form of vapor to move from one side of the insulation to the other. At some point within the 
insulation, the temperature and vapor pressure are such that the moisture condenses. 
The forces that move moisture within the structure of the insulation are constant. While the distribution 
of moisture within the insulation may vary, the overall R-value-moisture content relationships are 
generally repeatable. 
Even if the in-situ sample is submerged, these tests do not represent the conditions in a roadway in cold 
climates. Soil moisture and temperature are continuously changing in the soil. In some cases, the 
temperature may be warmer on the surface during the summer months and colder on the surface 
during the winter months. Consequently, the vapor pressure and direction are constantly changing. 
These variables can change along the roadway as sun exposure, water table, vegetation, and other 
variables change. The constantly changing environment results in variable moisture distribution within 
the insulation. This may well explain the variability in moisture content in the insulation. Unfortunately, 




As shown in Figure 1, measured long-term water uptake for XPS reaches a maximum of about 9% by 
volume after 31 years, while measured long-term water uptake for EPS can range between about 5% 
and 22% after 21 years. The interconnected voids in EPS, which allows moisture to readily move in and 
out of the sample as soil suction and soil moisture content change, likely causes the large range of 
moisture contents in the EPS. However, some water remains, including water that has entered the 
closed cells in the insulation. Some water that has attached to the sample due to molecular attraction 
also remains. 
To understand this process more fully, it is useful to estimate the amount of moisture that remains in 
the samples after drying. Only those samples obtained under this study will be evaluated because the 
requisite data from previous samples are not available. Insulation volume is made up of solids, water, 
and air. Assuming 1 cubic foot of insulation and knowing the dry density of the insulation, the volume of 
water that remains in the sample can be calculated using the following equation: 
𝑉𝑉𝑅𝑅 = 𝑉𝑉𝑡𝑡 −  𝑉𝑉𝑆𝑆 − 𝑉𝑉𝑊𝑊 − 𝑉𝑉𝐴𝐴 
where  
VR = Volume of residual moisture 
VT = 1 ft3 
Vs = Volume of solids comprised of polystyrene. Polystyrene has a specific gravity of 1.05. 
Vw = Volume of water removed through drying plus remaining water in closed cells and water 
molecularly attached to the surfaces within the insulation. 
VA = Volume of air, which is assumed to have no weight. 
 
Since some water remains in the sample after drying, it is unlikely that the R-value will return to the 
manufactured R-value after drying the sample.  
The density of 40 psi XPS is 1.8 lb/ft3, which equates to 0.0275 ft3 or 2.75% by volume of the total dry 
sample. The specific gravity of polystyrene is 1.05. 
Referring to Table 1, the average Vw is 6.12% or 0.0612 ft3 for Golovin, determined by drying the sample 
to a constant weight. Note that this only removes the free water in the system.  
After 31 years, the weight of water in the sample is the initial weight of the sample minus 1.8 lb/ft3 or an 
average of 4.93 lb/ft3, which equates to 0.079 ft3 of total water in the sample. Subtracting the average 
moisture loss of 0.0612 ft3 in the sample due to drying yields about 0.0178 ft3 or 1.78% of water by 
volume remaining in the sample after drying. Consequently, after being in service for 31 years, about 
24% of the initial 0.0612 ft3 water remains in the sample. This is due to the inability of the drying process 
to drive water out of the closed cells in the sample and because some of the water is molecularly 
attached to the insulation surfaces.  
Insulfoam 40 has a density of 2.71 lb/ft3. The volume of water remaining in the sample was 0.0096 lb/ft3 
or 0.96% of the volume of the sample. This means that, after being in service for 21 years, about 8% of 
total water remains in the closed cells or is molecularly attached to the surfaces within the sample.  
The water remaining in the sample is likely the water that remains in the closed cells, inferring that EPS 
has a significantly greater number of interconnected voids. This is consistent with the observation that 
EPS absorbs water more readily than XPS. 
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3.3. Relationship between R-value and moisture content 
Figure 2 shows the relationship between R-value and moisture content. EPS appears be more sensitive 
to water content than XPS. The in-service moisture content does not exceed 9% for data that includes 
Golovin, which has been in service for 31 years. Referring to Figure 1, it appears that the uptake of 
moisture is generally linear.  
 
Figure 2 R-value - moisture absorption relationship  
There is noticeable variation in the relationship between R-value and moisture content for both EPS and 
XPS. As discussed earlier, this variation may be due to the distribution of moisture within the insulation. 
Without further research, the variation cannot be substantiated.  
Pouliot and Savard (2003) noted that testing thermal conductivity between hot and cold plates is 
challenging because thermal stability is difficult to reach. They also noted the difficulty of testing 
recovered samples due to surface damage and contamination of the insulation from soil adhering to its 
surface. To minimize these problems, we removed the top and bottom ¼ inch of the surface, removing 
damaged and contaminated material.  
3.4. R-value over time 
Figure 3 shows the relationship between R-value with time. For reasons already discussed, one should 
not expect a high degree of correlation between R-value and service life. However, a clear trend 
indicates that R-value decreases with time. EPS decreases more rapidly than XPS and appears to become 
asymptotic to a value of 2.2 at about 30 years. XPS becomes asymptotic to a value of about 4.1 after 30 
years. Again, using the methodology proposed by Esch, the ratio of the thickness of EPS to XPS would be 
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1.86, which is similar to the ratio proposed using the average minus one standard deviation. If we take 
these values and derive the ratio to the specification of 4.5, we get 2.0 and 1.1 for EPS and XPS, which is 
close to the values proposed by the average minus one standard deviation.  
 
Figure 3 R-value and service life relationship 
3.5. Application of thickness corrections 
Several ratios of thickness have been presented in this report which can be used to adjust the thickness 
of the insulation to reflect long-term performance of rigid foam board used in roadway and airport 
embankments. Because there is no consensus as to which procedure should be applied, if any, the 
decision of whether to apply a thickness adjustment or what procedure to apply is left to the designer or 
agency policy. 
Two procedures have emerged with alternatives within those procedures, summarized in Table 3. The 
first procedure is to assume there is no change in the performance of XPS over time and to apply a 
multiplier to EPS to account for the difference in performance. For example, if the designer estimates 
that a thickness of 4 inches of XPS is required and EPS is proposed, one of 5 ratios have been provided. 
Using the average minus one standard deviation multiplier for all available data, the 4 inches 




Table 3 Summary of thickness multipliers 
Basis for Multiplier  
Multiplier 
EPS XPS 
Esch (1986) based on average R-value 1.36 1 
Pouliot & Savard (2003) based on average R-value 1.23 1 
Average based on all data including data from this study 1.5 1 
Average -1 standard deviation based on all data 1.86 1 
Ratio of asymptotic values from Figure 3 1.86 1 
Ratio of average to 4.5 specification 1.67 1.11 
Ratio of average minus 1 standard deviation to 4.5 specification  2.07 1.12 
Based on ratio of asymptotic value from Figure 3 to 4.5 specification 2.0 1.1 
 
The second procedure would be to determine the required thickness of insulation required at the 
specified R-value, in this case, 4.5 (ft)(hr) (ft2)/(BTU-in). The thickness would be multiplied by the 
multiplier shown in Figure 3 for each product. If an R-value of 20 is required, the thickness required 
would be 4.4 inches. (20/4.5 = 4.4). Using the multipliers of 2.07 for EPS and 1.12 for XPS, the adjusted 





CHAPTER 4. SUMMARY AND CONCLUSIONS 
The data from this study, combined with data from Esch (1986) and Pouliot and Savard (2003), provide 
considerable insight into the performance of EPS and XPS in roadway and airport embankments. The 
following observations can be made from the data: 
• Data collected from the Dalton Highway showed no statistical difference between older EPS and the 
newer EPS used on the Dalton. 
• The moisture content of both products is quite variable over time. This variation is likely due to the 
soil characteristics and the varying temperature gradients both spatially and over time. 
Unfortunately, this interaction is not understood. 
• The relationship between R-value and moisture content is not well defined, possibly because of 
moisture distribution within the insulation. 
• EPS appears to be more sensitive to moisture content than XPS, resulting in a lower R-value at the 
same moisture content.  
• The maximum moisture content of EPS was about 22%, with a maximum service life of 21 years. The 
maximum moisture content of XPS was 9% with a maximum life of 31 years. This difference is likely 
due to the interconnected voids within the EPS insulation that do not exist in XPS. 
• Table 3 provides a summary of the multipliers used in this study. There is no consensus as to how to 
determine the final thickness of rigid foam insulation.  
• If the designer wants to simply compare the in-service R-value ratios, multiply the thickness-
indicated multiplier in Table 3 by the thickness of XPS to get an equivalent thickness of EPS. 
• If the designer wishes to account for the in-service reduction in R-value, multiply the design 
thickness by the multiplier for the desired product using one of the three methods indicated in Table 
3.  
• The characteristics of soil, climate, and available moisture have a significant impact on the uptake of 
moisture in rigid foam insulation. To gain an understanding of this interaction, it is suggested that 
unsaturated soil mechanics be integrated into the study of insulation used below grade. Currently 
available sensors including soil moisture gauges, soil suction sensors, and heat flux meters can be 
employed to develop an understanding of how R-value in insulation varies with soil type and time. 
• Moisture distribution within rigid foam insulation likely impacts R-value-moisture relationships. CT 
scanners and proper sampling techniques may yield a better understanding of how R-values change 
as moisture content changes for different applications. 
• There is no conclusive explanation for the variability in data. While a better understanding of the 
interaction of insulation with soil-moisture characteristics would be useful in providing improved 
design procedures, the data provided here does indicate that the use of R-values as manufactured 
may not be appropriate. It is left to the designer to decide whether additional thickness is cost-
effective. 
• The 24-hour immersion test ASTM C272 does not predict field performance.  It is recommended that 
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1.0 INTRODUCTION
At the request of the University of Alaska, RADCO conducted Thermal Transmission Property tests
on samples of Polystyrene Foam Insulation material in accordance with ASTM Standard C518-10
Thermal Transmission Properties By Means of The Heat Flow Meter Apparatus.
2.0 MATERIAL
Four (4) 2' x 2' (609.6mm x 609.6mm) rigid foam insulation panel samples  were received at RADCO’s
Long Beach, CA test facility on February 26, 2018. The panels were selected by University of Alaska
personnel and shipped from Fairbanks, Alaska. The source of the samples were taken from the Dalton
Highway MP 10, with two taken from the top layer and two from the bottom. The samples were taken
18ft right of centerline in Northbound lane 36 in below surface.
2.1 CONDITIONING
When received, the specimens were wrapped and sealed with polyethylene to preserve their moisture
by the client.  At the request of the client, four (4) samples were tested as received from the field
without conditioning.
3.0 ASTM STANDARD C518-10, THERMAL TRANSMISSION PROPERTIES BY MEANS OF THE
HEAT FLOW METER APPARATUS
3.1 TEST EQUIPMENT
1. Steel rule graduated to 1mm
2. Sartorius Model GP3202 electronic digital scale
3. Holometrix Micromek (Metrisa Company) Lambda 2000 Series heat flow meter thermal
conductivity instrument
3.2 TEST METHOD
Testing was conducted in accordance with ASTM C518-10. Four (4) 12" x 12"x 2" (304.8 mm x 304.8
mm x 50.8 mm) specimens were tested consecutively at their specified mean temperature of 30/F as
requested by UAF. The recorded data and the results are shown in the following tables. Thickness
measurements are as reported by the test apparatus.
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3.3 TEST RESULTS
Material ID: SAMPLE TESTS  (as received) 1 2 3 4
Date of Test: 3/7/18 3/7/18 3/8/18 3/8/18
Hot plate temperature °F: 50.89 49.52 50.47 50.88
Cold plate temperature °F: 10.84 9.39 10.43 10.90
Mean temperature during test °F: 30.87 29.45 30.45 30.89
Temperature gradient during test °F: 40.05 40.13 40.04 39.98
Specimen thickness as tested (in): 2.0122 2.0881 2.0547 2.0365
Duration of measurement portion of test (hrs:min:sec): 02:19:04 03:33:46 05:05:39 02:34:20
Initial specimen mass (wt.) (gms) 367.21 322.17 322.17 240.95
Final specimen mass (wt.) after test (gms): 368.77 319.20 316.24 235.25
Moisture Content (%) -0.42 0.92 1.8 2.4
Specimen percent mass (wt.) change: 0.42 -0.92 -1.84 -2.36
Thermal conductivity "k": (BTU.in)/(Hr.ft2.°F) 0.320 0.288 0.298 0.270
Thermal resistance "R" per thickness tested: (Hr.ft2.°F)/BTU  6.3 7.2 6.9 7.5
Thermal resistance “R” per inch: ( (Hr.ft2.°F)/BTU-in) 3.1 3.5 3.4 3.7
Density of Specimen (pcf) 4.90 4.27 4.30 3.84
          
Note 1: Last heat flow meter calibration date: 3/7/18
Note 2: Type of calibration material used: fiberglass
4.0 MOISTURE CONTENT
4.1 TEST METHOD
One (1) 12" x10" x 2" specimen was used to determine the moisture content. The specimen was
weighed as received and then dried to a constant weight at 120/F. 
Initial Weight: 221.81 gms
Final Weight: 145.09 gms
Moisture Content (2-inch sample) (%): 1.95
The specimen was then tested at its specified mean temperature of 30/F. The recorded data and results
are shown in the following table. Thickness measurement are as reported by the test apparatus. 
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4.2 TEST RESULTS
Material ID: SAMPLE TESTS (dried) 5
Date of Test: 3/14/18
Hot plate temperature °F: 48.89
Cold plate temperature °F: 8.86
Mean temperature during test °F: 28.87
Temperature gradient during test °F: 440.02
Specimen thickness as tested (in):
2.0268
Duration of measurement portion of test (hrs:min:sec): 02:02:59
Initial specimen mass (wt.) (gms): 145.19
Final specimen mass (wt.) after test (gms): 145.09
Specimen percent mass (wt.) change: 0.06
Thermal conductivity "k": (BTU.in)/(Hr.ft2.°F) 0.215
Thermal resistance "R" per thickness tested: (Hr.ft2.°F)/BTU  9.4
Thermal resistance “R” per inch: ( (Hr.ft2.°F)/BTU-in) 4.7
Density of Specimen (pcf) 2.34
Note 1: Last heat flow meter calibration date: 3/7/18
Note 2: Type of calibration material used: fiberglass
*****END OF REPORT*****
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5.0 PHOTOGRAPHS
Sample panel upon removing the polyethylene Test Specimen 
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1.0 INTRODUCTION
At the request of the University of Alaska, RADCO conducted Thermal Transmission Property tests on
samples of Rigid Foam Insulation material in accordance with ASTM Standard C518-10 Thermal
Transmission Properties By Means of The Heat Flow Meter Apparatus.
2.0 MATERIAL
Eleven (11) 12" x 12" rigid foam insulation samples were received at RADCO’s Long Beach, CA test
facility on September 28, 2018. The panels were selected by University of Alaska personnel and
shipped from Fairbanks, Alaska. Eight (8) expanded polystyrene samples were from Cripple Creek and
three (3) extruded polystyrene samples were from Golovan Airport. The samples were obtained from
the following locations: 
Cripple Creek samples 1,4 & 5 were obtained adjacent to the culvert, samples 2 & 3, were
obtained from top and bottom layers of STA 717+64, 13.6ft Lt, 4.4ft below road surface and
samples 6 & 7 were obtained from the top and bottom layers of STA 717+43, 22ft Rt, 5.4ft below
road surface.
Golovan Airport sample 1 was obtained from STA 108+46, 268' left 32 in below surface of
existing apron, sample 2 was obtained from STA 108+46, 268' left and sample 3 was from STA
10+90, 265' left 32" below elevation of existing apron.
2.1 CONDITIONING
When received, the specimens were individually wrapped to preserve their moisture by the client. At the
request of the client, all eleven (11) samples were tested as received without drying. One sample from
Cripple Creek and one sample from Golovan were dried and tested.
3.0 ASTM STANDARD C518-10, THERMAL TRANSMISSION PROPERTIES BY MEANS OF THE
HEAT FLOW METER APPARATUS
3.1 TEST EQUIPMENT
1. Steel rule graduated to 1mm
2. Sartorius Model GP3202 electronic digital scale
3. Holometrix Micromek (Metrisa Company) Lambda 2000 Series heat flow meter thermal
conductivity instrument
3.2 TEST METHOD
Testing was conducted in accordance with ASTM C518. Eleven (11) 12" x 12"x 1" (304.8 mm x 304.8
mm x 25.4 mm) specimens were tested at their specified mean temperature of 75/F. The recorded data
and the results are shown in the following tables. Thickness measurements are as reported by the test
apparatus.
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3.3 TEST RESULTS
Material ID: Cripple Creek (as received) 1 2 3 4
Date of Test: 10/5/18 10/4/18 10/5/18 10/5/18
Hot plate temperature °F: 92.89 93.19 93.19 92.69
Cold plate temperature °F: 53.87 53.58 53.79 54.05
Mean temperature during test °F: 73.38 73.38 73.49 73.37
Temperature gradient during test °F: 39.02 39.62 39.40 38.64
Specimen thickness as tested (in): 1.0202 1.0219 1.0167 1.0209
Duration of measurement portion of test (hrs:min:sec): 00:32:13 00:35:06 01:00:24 00:36:19
Initial specimen mass (wt.) (gms): 572.28 320.75 305.48 527.04
Final specimen mass (wt.) after test (gms): 560.50 311.41 303.49 523.53
Specimen percent mass (wt.) change: -2.10 -3.00 -0.65 -0.67
Thermal conductivity "k": (BTU.in)/(Hr.ft2.°F) 0.489 0.398 0.413 0.562
Thermal resistance "R" per thickness tested:
(Hr.ft2.°F)/BTU 
2.1 2.6 2.5 1.8
Thermal resistance “R” per inch: ( (Hr.ft2.°F)/BTU-in) 2.0 2.5 2.4 1.8
Density of Specimen (pcf) 8.80 8.45 8.03 13.71
          
Note 1: Last heat flow meter calibration date: 10/4/18
Note 2: Type of calibration material used: fiberglass
Material ID: Cripple Creek (as received) 5 6 7 8
Date of Test: 10/8/18 10/8/18 10/10/18 10/10/18
Hot plate temperature °F: 92.74 93.06 93.32 92.91
Cold plate temperature °F: 53.71 53.95 53.26 54.39
Mean teperature during test °F: 73.23 73.51 73.29 73.65
Temperature gradient during test °F: 39.03 39.11 40.06 38.52
Specimen thickness as tested (in): 1.0656 1.0484 1.0291 0.9897
Duration of measurement portion of test (hrs:min:sec): 00:35:05 01:16:41 00:40:33 00:39:42
Initial specimen mass (wt.) (gms): 523.09 451.45 185.35 572.80
Final specimen mass (wt.) after test (gms): 518.37 443.23 183.88 56.50
Specimen percent mass (wt.) change: -0.91 -1.85 -0.80 -2.10
Thermal conductivity "k": (BTU.in)/(Hr.ft2.°F) 0.522 0.460 0.298 0.574
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Thermal resistance "R" per thickness tested:
(Hr.ft2.°F)/BTU 
2.0 2.3 3.5 1.7
Thermal resistance “R” per inch: ( (Hr.ft2.°F)/BTU-in) 1.9 2.2 3.4 1.742
Density of Specimen (pcf) 13.43 11.57 4.98 15.1
Note 1: Last heat flow meter calibration date: 10/8/18
Note 2: Type of calibration material used: fiberglass
Material ID: Golovan  (as received) 1 2 3
Date of Test: 10/12/18 10/11/18 10/11/18
Hot plate temperature °F: 93.41 93.51 93.63
Cold plate temperature °F: 53.42 53.23 53.07
Mean temperature during test °F: 73.41 73.37 73.35
Temperature gradient during test °F: 39.99 40.28 40.56
Specimen thickness as tested (in): 1.0208 1.0355 0.9963
Duration of measurement portion of test (hrs:min:sec): 01:18:44 01:08:40 00:37:50
Initial specimen mass (wt.) (gms): 296.35 222.61 116.96
Final specimen mass (wt.) after test (gms): 293.18 217.60 109.18
Specimen percent mass (wt.) change (%): -1.08 -2.30 -7.13
Thermal conductivity "k": (BTU.in)/(Hr.ft2.°F) 0.295 0.254 0.225
Thermal resistance "R" per thickness tested:
(Hr.ft2.°F)/BTU 
3.5 4.1 4.4
Thermal resistance “R” per inch: ( (Hr.ft2.°F)/BTU-in) 3.4 3.9 4.4
Density of Specimen (pcf) 7.90 5.81 3.23
Note 1: Last heat flow meter calibration date: 10/11/18
Note 2: Type of calibration material used: fiberglass
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4.0 MOISTURE CONTENT
4.1 TEST METHOD
Eleven (11) 12" x10" x 1" specimens were used to determine the moisture content. The specimen was
weighed as received and then dried to a constant weight at 120/F. 


















13.23 11.88 11.25 21.51 20.62 17.55 4.72 19.41 9.09 7.18 2.08
Two (2) specimens were then tested at its specified mean temperature of 75/F. The recorded data and
results are shown in the following table. Thickness measurement are as reported by the test apparatus.
4.2 TEST RESULTS
Material ID: SAMPLE TESTS (dried) Cripple Creek #6 Golovan #3
Date of Test: 10/17/18 10/17/18
Hot plate temperature °F: 93.54 93.53
Cold plate temperature °F: 52.96 52.90
Mean temperature during test °F: 73.25 73.22
Temperature gradient during test °F: 40.58 40.63
Specimen thickness as tested (in): 1.0626 1.0185
Duration of measurement portion of test (hrs:min:sec): 00:27:26 00:26:25
Initial specimen mass (wt.) (gms): 106.71 76.06
Final specimen mass (wt.) after test (gms): 106.69 76.03
Specimen percent mass (wt.) change: -0.018 -0.03
Thermal conductivity "k": (BTU.in)/(Hr.ft2.°F) 0.227 0.211
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Thermal resistance "R" per thickness tested:
(Hr.ft2.°F)/BTU 
4.7 4.8
Thermal resistance “R” per inch: ( (Hr.ft2.°F)/BTU-in) 4.4 4.7
Density of Specimen (pcf) 2.73 2.10
Note 1: Last heat flow meter calibration date: 10/17/18
Note 2: Type of calibration material used: fiberglass
*****END OF REPORT*****
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5.0 PHOTOGRAPHS
Test Specimens as received 
    
Test Specimen inserted into thermal Conductivity Machine
Golovan SampleCripple Creek Sample
